Enterotoxigenic Escherichia coli (ETEC) strains were detected by stool blot hybridization assays using different oligonucleotide probes for the colonization fimbrial antigen F4, heat-stable enterotoxin I (ST I), and heat-labile enterotoxin (LT I) genes. Forty-eight fecal samples and seven samples of intestinal content from ETEC-challenged newborn piglets were processed in two ways: (i) by direct inoculation of bacterial suspension onto nylon membranes overlaying blood agar and (ii) by immunomagnetic enrichment of F4+ ETEC using magnetic beads coated with F4 monoclonal antibodies before inoculation onto nylon membranes. In samples obtained from nondiarrheic piglets pre-and postchallenge, E. coli genes for F4, ST I, and LT I could be detected only after immunomagnetic enrichment. No difference between the two methods in detection of these E. coli genes was observed when stool blots from diarrheic piglets were examined. By using magnetic separation, it was easy to decrease background bacterial flora, intestinal cells, and fecal debris and thus produce purer specimens. The method evaluated in this animal model appeared simple and quick and increased the sensitivity of detection of ETEC strains 100-fold compared with the direct stool blot hybridization assays. Prior bacterial isolation and identification were not necessary.
Enterotoxigenic Escherichia coli (ETEC) strains belonging to serogroup 0149 and possessing the F4 antigen are common causative agents of diarrhea in Norwegian piglets (3, 10) . The identification of pathogenic strains on the basis of biochemical reactions and serological tests usually requires isolation of a pure culture from the total bacterial population present in stools. ETEC strains can also be identified by detecting genes for enterotoxins and adhesins by using nucleic acid hybridization (4, 5) . This method has been used to detect genes in isolated strains of E. coli as well as directly in bacterial growth from stool specimens (2, 13) . Examination of stool blots may be faster and easier to perform than testing individual E. coli colonies. However, stool specimens may prove to be less suitable for use in direct hybridization assays. Echeverria et al. (4) reported that nonhomologous DNA or bacterial cell wall remnants in stool specimens interfered with the access of specific probes to target cell DNA. Several authors have tried to improve methods of processing the specimens, including isolation of crude nucleic acids from stool samples (2, 13, 18) . Immunomagnetic beads are superparamagnetic, monosized polymer particles coated with antibodies (19) . These beads have been used successfully to enrich both bacteria and mammalian cells of certain specificities from mixed cultures (9, 11, 16) .
In this study, colony blot hybridization assays were performed to detect genes encoding F4 fimbriae and heat-stable enterotoxin I (ST I) and heat-labile enterotoxin I (LT I) production. We Estimation of the number of hemolytic and nonhemolytic specimens from challenged piglets obtained 7 h postchal-E. coli colonies and control experiments. The numbers of lenge, the challenge strain occurred in amounts of approxihemolytic and nonhemolytic colonies of E. coli in the mately 106 to 107 CFU/ml in all samples, three of which did suspensions were assessed by a standard plate count procenot contain nonhemolytic colonies of E. coli. Only hemolytic colonies of E. coli were detected in the jejunal content of all five challenged piglets, whereas a mixed bacterial flora of nonhemolytic and hemolytic strains of E. coli was detected in the jejunal contents of the two diseased in-contact piglets.
In specimens from the three healthy in-contact piglets, nonhemolytic strains of E. coli dominated the bacterial flora throughout the observation period, being present at levels of approximately 106 to 108 CFU/ml. During the period from 20 to 32 h postchallenge, the hemolytic challenge strain appeared for the first time in fecal specimens from three of the five in-contact piglets. In the healthy piglets, the hemolytic challenge strain appeared irregularly and in low numbers, ranging from 102 to 105 CFU/ml, in samples during the observation period. The challenge strain could not be detected in the samples collected from one of the in-contact piglets (J). Hybridization results. The results are presented in Tables 1  through 3 . ETEC strains carrying genes encoding F4 fimbriae, ST I, and LT I were found in 2 of the 10 samples obtained before challenge when immunomagnetic separation was used. None were detected by the direct method. F4, ST I, and LT I genes were detected at almost the same rate in samples from diseased piglets (both fecal specimens and jejunal content), irrespective of the method of preparation. None of the samples from one of the diseased in-contact piglets (F) hybridized with the probes.
F4-, ST I-, and LT I-encoding genes were present in 6 of 30 samples obtained postchallenge from the three healthy piglets. These were detected only when immunomagnetic separation was used. In the case of piglet G, ST I genepositive samples were obtained at 26 h and at 2 and 6 days postchallenge. In the case of piglet I, the fecal specimens containing the F4, ST I, and LT I genes were obtained at 32 h and at 2 days postchallenge, while all of the samples collected from piglet J were negative.
Results of control experiments. All of the hemolytic colonies examined were identified as the E. coli challenge strain. Unspecific binding of the probes to immunomagnetic beads was not detected.
DISCUSSION
In the case of nondiarrheic piglets carrying low numbers of F4+ ETEC strains, immunomagnetic separation was a prerequisite for the detection of these strains from fecal specimens both before and after challenge. Two piglets harbored strains of E. coli possessing the F4, ST I, and LT I genes prechallenge. The strains were not isolated in pure culture.
Upon direct culture or by dilution of the fecal specimens and subsequent culture, hemolytic colonies were not detected. Repeated hybridization assays confirmed previous results. The presence of ETEC strains in healthy piglets is not an unusual finding; a study by Soderlind and Mollby demonstrated ETEC strains in 3% of healthy piglets from unvaccinated herds (17) . When 1 RI1 of the fecal suspensions was used as the inoculation volume on nylon membranes, the limit of detection of the challenging strain by the direct hybridization method was 106 CFU/ml. When immunomagnetic enrichment was included, the sensitivity was increased 100-fold. However, a negative result was obtained for jejunal content from piglet F, although the hemolytic challenge strain was present at a level of 105 CFU/ml ( Table 2 ). This piglet did not show signs of diarrhea before death. In the case of piglet G, a positive result was detected 6 days postchallenge, whereas no hemolytic colonies were observed upon culture ( Table 2 ). According to the literature cited (4, 8, 13, 20) , the applied probes are specific and do not hybridize with nonhomologous DNA under stringent hybridization conditions. The number of colonies of the challenge strain in this sample was probably just below the detection limit of the plate count procedure. 
